Since it was opened for the reception of defective patients in 1912, there have been received into the Fountain Mental Hospital in Tooting nearly 4,000 patients, of whom the majority have been children of the lower grades. The policy governing the use of the hospital has varied from time to time, so that a proportion of adults of both sexes were housed at one period. To make a homogeneous series I have included in this study only male and female patients up to the end of the sixteenth year of age. There is no very special reason for choosing this particular age as the upper limit except that it has for some years been the nominal upper age-limit for the female patients, who have then been transferred glsewhere. There is, however, good reason to confine the investigation to children, because the very high deathrate amongst young defectives, a death-rate that is peculiarly selective of certain types, causes groups of higber age to be unrepresentative of the problem of deficiency as a whole. In an investigation of recent epidemics of infectious disease it appeared that the mongols and the microcephalics were thus selectively destroyed. This matter is still under consideration, and certain possible errors have to be estimated and allowed for, but the broad fact of this selective death-rate is unlikely to be contradicted. If, therefore, one desires to study such a question as the comparative occurrence of developmental anomalies in each type of defective, one must study a series in which each type is fairly represented.
The material has been divided into three groups: (A) Cases admitted from 1912 to 1916. (B) Cases admitted from 1917 to 1930. (C) Cases still in hospital, these having been excluded from group B.
The records of group A were compiled by a number of medical officers, who worked under rather difficult conditions, and in the early days of the knowledge of deficiency. Both internal factors and those external to the hospital would tend to influence the nature of the notes. In 1917, also, a new system of case-recording FEB.-PSYCH. 1 was instituted. Group B was studied almost entirely by one man, an enthusiast for such observation, interested in the physical aspect of deficiency, and working during a time when deficiency was becoming well understood, It is likely, therefore, to show a bigher proportion of physical anomalies than group A. Group C, those still in hospital, was specially examined by me with the definite object of finding stigmata. Though a small group, it represents the subject of a completely uniform investigation.
In reading through the 3,000 old case records, it has been interesting to observe the evidences of the varying interest of the several writers. For two or three years there are careful notes of routine Wassermann and similar examinations; at another time physical measurements, at another, neurological examinations, were the main interests. Something of this fluctuation of emphasis is found even in the records of the second group, though the work of a single man. Indeed, this is inevitable. We all become especially interested at various times in a particular part of our work. By contrasting these three periods thus selected, one should get a measure of the importance of the observer as a factor when assessing a value to the numerical findings, and the whole series should be large enough to justify, at any rate tentatively, certain deductions.
Definition.-Marie says that stigmata of degeneration are "characters that do not belong to the race. They appear in an individual, or are susceptible of transmission, but in that case they show up the family as being apart from the race." It is difficult, but necessary, to distinguish such characters from the results of intrauterine, or of infantile, diseases or accidents.
Morselli L1] gives the following classification: -A. Pathological effects: (1) Anomalies of development-asymmetry.
(2) Effects of constitutional disease-rickets or congenital syphilis. (3) Trauma.
B.
(1) True degenerative characteristics leading to deviation from normal type by exaggeration or modification of parental characters. (2) Anomalies leading to deviation from normal type and to a degree of inferiority by arrest of developmenthare lip, cryptorchism. (3) Reversive anomalies, i.e., atavistic-prognathism, long simian arms, etc. I should prefer to include such anomalies of development as asymmetry in the degenerative, rather than in the pathological, group, except in such cases as can be shown clearly to be results of disease or injury. The conditions I include under the title of stigmata of degeneration are those in which there is disturbance in rate or direction or harmony of development, conditions revealing disorder, aberrance, exaggeration, or incompleteness of growth. I prefer to call them developmental anomalies, two words which are completely explanatory and include all the forms, and which avoid the use of the suggestion of degenerateness. I am not quite sure how far degenerateness is a true quality of these conditions, a point to which I shall refer again.
Marie, in his article, does not always follow his own definition of stigmata, but includes conditions that are definitely the results of disease. I may err in the opposite direction by over-caution, but I -propose to exclude all asymmetries and deformities in which there is even a remote possibility of causation by neurological or other disease. The essence of the idea of a developmental anomaly is much the same as that which distinguishes primary amentia from secondary amentia and from alienation. Development must have gone wrong rather than have been made to go wrong.
Discussion of Cases Seen. Working within this definition I now come to a description and discussion of the cases of developmental anomaly that have occurred among mental defectives, confining myself in the main to such cases as I have seen myself.
General aspect and physique,-There is no doubt that mental defectives are poor specimens of the genus Homo. The facial features are often unpleasing, the height and weight are below the normal. Marie, quoting figures from groups of French individuals of various types, shows that the lowest readings and the lowest average readings in measurements of height and weight were furnished by the defective types. Indeed it is permissible to suggest that the defective is an example of development whose anomaly is generalized rather than localized. There are, however, a fair number of exceptions, of good stature, with pleasant features, and in any case I have, as yet. no personal collection of figures to offer, and the point is not important.
Spina bfida.-There is not a single example of this condition, in any shape or form, among the 600 cases in Group C. Five, of which I have seen one, are reported in the previous groups, all apparently slight cases, judging by external appearances.
Considering the large number of helpless and paralysed children amongst those under review, it seems strange that more cases of spina bifida are not to be found. I am told that they are absent even from Leavesden, where cripples are congregated. The chief explanation of this must be that they do not live. Of 647 deaths attributed to spina bifida in one year in England'and Wales, 615 occurred in the first year of life [21, and these figures give a measure of the chances of survival of any severe case. But where are the milder cases? Can it be that this anomaly, though essentially involving the nervous system, has a low correlation with mental deficiency ? Certainly, the one boy whom I saw in another hospital showed comparatively little mental defect, though very considerable helplessness of body.
There are two systems to consider in the embryology of this type of spina bifida.
In the development of the spinal bony system the neural arches of the vertebrae grow out, and, in the cartilaginous condition, complete the arch round the neural canal in the fourth month of intra-uterine life, ossification beginning to replace the cartilage of the vertebrae in the third month. Failure of this arch formation is a part of the story of spina bifida, and means that something has gone wrong with development before this period; how long before it is hard to say.
The other system concerned is the nervous system. In the third week the medullary folds are beginning to close along the centre of the canal and thus to form the neural tube. The neuropore should close at the end of the fourth week, the caudopore just after. Failure of closure of the caudopore produces a cystic spina bifida. Failure of closure of the anterior end of the canal leads to anencephaly.
Anencephaly, of course, does not come directly into the picture of mental deficiency, and, according to the present investigation, cystic spina bifida in any degree is also to be excluded. The question to be considered is whether all these conditions are matters of degree of action of some common factor, which may influence the development of the embryo at different ages and to different extents.
illeningocele.-One such case occurs in group B and was for a short time under my care. She is a medium grade imbecile and has been able to go home to the care of her people.
In this region in the fifth month the occipital fontanelle projects upwards between the sides of the widely separated cartilaginous tectal plates. These should unite in the middle line soon after birth, and failure produces cerebral meningocele at its common site. (Fig. 1 This child had also the head deformity known as scaphocephaly, which Keith [3] ascribes to early arrest of growth, or synostosis, along the sagittal suture, with compensatory growth to the shape shown in the photograph. He suggests the possibility of an endocrine explanation. At the end of the fourth week five processes appear from the base of the cerebral capsule-four lateral, one central. All are well marked by the end of the sixth week and united by the eighth.
Failures among the several unions that are necessary lead to hare-lip, cleft palate, and macrostoma. Union is performed by the spreading of mesoderm across the line where the two epithelial layers are in contact, as in the healing of wounds, and this union proceeds perfectly in so many cases that it is a question why it should ever fail. When it does fail, is the failure due to conditions in the eighth week or was it ordained at some earlier date ?
In the present investigation there were found in groups A and B eleven cleft palates and two hare-lips, in group C three cleft palates and one hare-lip.
Deformities of ears.-Asymmetry, a difference in size or in pattern between the right and the left, is found in a fairly large number of the cases in each group, redundant auricular processes in three. From the sides of the first gill cleft are developed six opercula or tubercles whose growth, fusion and modification make the pinna of the fully formed individual. The pinna begins to take shape by the third month. There is room for much variation in the mammalian ear, depending partly on its functional necessity. It is absent in the whale, while in the seal it is rudimentary and in appearance not unlike the sessile cervical auricles seen in man [2] . These latter are fairly common in many animals, particularly the goat, and were frequently pictured in the goat's semi-human mythical friends, the satyrs and fauns.
In the series of mental defectives under review there were found thirty-nine asymmetrical and six deformed ears, and three accessory auricles, as already mentioned.
Eyes.-Another instance of the failure of closure in an embryological gap is that of coloboma.
In the fourth week the optic vesicle grows out from the side of the fore-brain and forms the optic stalk and the optic cup, which later form the optic nerve and the eyeball and retina. Into the cup is invaginated the lens, during the sixth week. It enters by the choroidal fissure on the under surface of the cup, and has connected with it the hyaloid artery. The choroidal fissure closes, in the same way as the lip and palate and other clefts, and should be obliterated by the eighth week.
Persistence of the cleft leaves a coloboma of the iris or of the choroid. I can recall only one example in a defective, a boy in another hospital; there is record of coloboma in only two of the whole series under investigation. There are, however, a fairly large number of other instances of anomalous development of the eyes, such as microphalmos, congenital cataract, congenital dislocation of the lens.
For one reason or another, in the whole series of cases, sixty-six patients were congenitally blind or seriously impaired in vision. Further, I learn from Dr. Tyrrell that he sees among defectives a considerable inumber who have errors of refraction which are so extreme in degree or unusual in mixture that they can only be explained as cases of anomalous development.
Hypertelorism.-There is, in my series, no case of interorbital hypertelorism so extreme as those described by Muir in the Edinburgh Medtcal Journal [4], but FEB.-PSYCH. 2 * there is a fair sprinkling of cases in which eyes are set unusually far apart. The explanation which Muir gives is that there is an anomalous development of the wings of the sphenoid which causes spreading of this part of the face.
There is also in my opinion, though Muir does not mention the possibility, a less common condition that might be called hypotelorism. Asymmetrical or unilateral hypertelorism is another variant which was first described by Sheldon and Lightwood [5] . Of Teeth and jaws.-It would require a dentist to give a satisfactory account of dental anomalies in mental defectives, and I shall say very little on the subject. Dentition is notoriously delayed and the teeth are often irregular in shape or arrangement, with supernumerary or absent teeth in a number of cases. I have seen two examples of teeth arranged in a double row like a shark's. One was in a post-encephalitic imbecile in another hospital, another was in a feeble-minded ex-soldier of the war period. Two sidch were recorded in groups A and B of my present series.
The jaws which, as a result of civilization, have in modern man become narrow and leave too little room for the teeth, and overlap to produce the scissors bite, may in the defective, give an exaggeration of this form, or may repeat the earlier form shaped that when the molars meet for chewing there is still a space between the incisors which thus can never meet to bite through the food. Associated with the shape of the jaw is the shape of the palate, notoriously high and narrow in the defective, but quite frequently broad and well formed. I have not attemped to collect figures of palatal types as yet.
Supernumerary nipples.-The attempt at mammary develolment on the part of sweat glands, at points along the mammary line other than those customary for the particular animal, is not very uncommon. Nevertheless there are only six examples in the series, all of a very rudimentary type, showing a suggestion of nipple and areola and sometimes only the areola with no recognizable nipple.
Hermaphroditism.-It is true that in each individual there are the elements of the sexual structures of both male and female types, but the development of these elements seems to pursue a unitary ,sexual course in the great majority of cases. The problem of " The Well of Loneliness " depends on psychological or on endocrine factors rather than on more overt conditions of the immediately sexual apparatus. Indeed, the human partial hermaphrodite, like the " free martin," is probably completely sterile, and unlikely to suffer from sexual interests of a very strongly charged kind. The sexual gland of the free martin shows the incompletely developed condition of an undescended testicle [6]; in a case described as "hermaphroditismus verus" in man, the imperfect gland was undescended and of mixed ovarian and testicular structure [71. I can give no microscopical evidence on these points from my series, but there are two slight examples of partial hermaphroditism, a male in group A and a female in group C. The former had a hypospadias which was described as " very closely simulating the female vagina "; the latter has a distinctly scrotal development of the labia majora and a penile development of the clitoris.
Anomalies of hands and feet.-Of all the possibilities of congenital maldevelopment of the extremities, those found in the cases uinder review consist only of syndactyly, polydactyly, and brachydactyly. Webbed, or partly webbed, fingers or toes are one of the more frequent of the anomalies found. It is only recently that a beginning has been made in routine X-ray examination of such conditions in my hospital, so it is not possible to describe the bony condition of previous cases. There are only two cases of webbed fingers and five of webbed toes in the present hospital population described under group C.
Polydactyly has a few representatives, of which one is verv interesting. This little girl came in with a history of a sixth finger and toe which had been removed in infancy. There was left the hand with a diminutive ring finger which on radiographic examination showed absence of the proximal end of the metacarpal bone. The other hand looked broad and was found to have a union of the same ends of the third and fourth metacarpal bones, with various aberrant conditions in the wrist structures. As a contrast to this case another shows a long fourth finger. Indeed the series shows increase or decrease of length or size of most fingers or toes in turn. The short and incurved little finger is very common, but group C shows one boy with incurved index finger of rather strange appearance. The more gross anomalies that have been described in the literature are absent from the series.
Analysis of the Figures. In group A there were 951 cases, the male being to the female as 5 to 4. In group B there were 1,525 cases, the males slightly in excess of half the total. 18) gives an analysis of the two sets of figures combined, and shows the incidence of physical anomalies in relation to degree of defect. The striking thing that appears is that there is no difference in the proportion of anomalies in proportion to the degree of mental defectiveness. The feeble-minded group is obviously too small to have any significance, but the groups of idiots and imbeciles, with over 1,000 in each, should have statistical value.
Various criticisms may be offered, the first obvious one being that the grading may be at fault. It is undoubtedly very difficult, in the borderland of each grade, to determine whether an individual should be placed in one class or another, but I have tried to get a uniform standard by reading through the whole of the notes on each case, and re-assessing the degreeof defect for myself. In this process some have been moved up and some down, and I am confident that the idiot group is unchallengeable. The imbecile net is always a wide one, but I am fairly sure that not more than 5% at the most would be put down, by another observer, to the idiot class, while I doubt if as many as 1% would be raised to the dignity of feeble-mindedness. If it be conceded that the grading is substantially accurate, then it must be taken that the figures are strong evidence that there is no relationship between degree of defect of mind and degree of anomaly of body. To clinch the matter there is required a similar set of figures from someone who has access to a similar group of the feeble-minded. Now this is a result for which I was not prepared. It seems to me that, if there is a relationship between mental deficiency and these anomalies, as everyone declares, it is reasonable to expect to find a closer relationship in patients of a low grade than in those of a high grade. Indeed, it was this idea that set me, two years ago, to explore the question of hypertelorism, -when the same puzzling result appeared. My argument was like this: It is said that hypertelorism is commonly related to mental deficiency, and, if that be so, one should find many examples among mental defectives, particularly among the lower grades. Pressure of other duties has delayed the completion of this investigation, and I have not yet measured a series of normal individuals, so that I cannot answer the first question, but it did appear that there was little, if any, relationship with degree of defect. Goddard, however, in 1912 reported that defective stature occurs proportionately to the degree of mental defect. Table II gives the incidence of physical anomalies among types of defectives in the same series.
It appears to show that among all defectives the incidence is 8 -2%, and among the individual types it is within two units of this central figure in one or other direction, with two exceptions. There is interest in studying both the uniformity of some and the variance of the others.
On general principles one would expect that the paralysed and the hydrocephalic groups would contain a considerable proportion of cases of secondary amentia Proceedings of the Royal Society oj Medicine 22 which, on present teaching, is not due to racial degeneracy but to environmental conditions. The paralytic group shows a figure almost identical with the average, and it is a group large enough to have statistical value. The hydrocephalics numbered only 70, and I am inclined to deny much value to its high percentage of 10. I do this, more particularly, because in the study of the detailed figures I felt that there was an unrepresentative patch which falsified the general tendency of the readings.
The cretin figures are open to similar criticism as a small sample, though one would expect, on a priori grounds, a ratio not much below the average. The syphilitic figures, again, are open to discredit, because the total is small, and because it is not fully documented by Wassermann control. In a period of 18 years one finds waves of fashion in medical interest, and syphilis hunting has been in and out of fashion in this period just as has the search for asymmetrical ears or webbed fingers, Still, one would not expect congenital syphilis to be a valid cause of anomalies of development such as the two mentioned, and I think the percentage is not far from a correct one. Finally, the mongols, in 200 cases, have nearly twice as many anomalies as the average for all defectives, and that figure is obtained after excluding those conditions, such as epicanthus and small simple ears, which are part of the condition of mongolism. Now this result is what I had expected, though I am not sure that it is supported by the general opinion. Brousseau is contradictory, for in one place she says that anomalies of the extremities are infrequent," and in another that they occur frequently [8] . Tredgold does not give the impression that mongols have more of these anomalies than other defectives, and I am inclined to believe that he does hold this neutral opinion.
Incidence related to sex.-The series under analysis showed 1,312 males with 123 stigmata, and 1,164 females with 77 stigmata, so that the male ratio is 9 * 3% and the female 6' 6%. The difference is possibly large enough to be significant, but I am not at the moment prepared to discuiss it. Group C.-I have not discussed Group C with Groups A and B, because it is not absolutely comparable. Just as Group B shows a greater proportion of anomalies than are noted in Group A so, and for the same reason, Group C shows more than twice as many as occur in the figures already analysed. This goes to prove that if one is looking specially for these things one finds them, whereas if one is merely doing a routine examination, one notices just the striking points. Further, to notice and to make a written note are not necessarily one and the same thing. It is all a matter of personal interest. For this reason my own series is again not comparable, because I have included anomalies which others might have considered insignificant.
My figures, on analysis, give the same lessons as do Groups A and B, but my average percentage of anomalies in 583 cases is 19 * 5 per cent. 
Hand conditions
Foot conditions Relation to mental deficiency as a whole. Every writer on the subject states that anomalies of development, or stigmata of degeneration, occur much more frequently among the mentally abnormal than among the mentally normal, but the strange thing is that it is very difficult to find any numerical evidence for the statement.
The following are the few detailed figures that I have been able to find at present Gradenigo found normal ears in only 56% of normal males and 66% of normal females, and gave the corresponding figures for the insane as 36 and 46, and for criminals as 28 and 54 [9] . In my series, in Group a, there were only 2% abnormal. Auricular fistule were found 12 times in 2,000 cases by Urbantschitsch, and my series has none; auricular appendages were found by Warner in 33 out of 50,000 children [10] . My Group C would have shown 160 cases, and Groups A and B would have shown 20 if magnified to the same total, a much bigger ratio.
If cleft palate be considered, my Groups A and B show 4% and Group C only 0-5%. These figures compare with 0 -5% in aments according to Langdon Down, IP0% in idiots according to Ireland, none in nearly 2,000 feeble-minded according to Talbot, and 9 in 14,466 normal people according to Grenyer [9] . It is a question what all these figures are worth. They are undoubtedly contradictory in their indications, and are open to the same criticism as those of my three groups-that they are the product of many different people working under different conditions and using different standards.
I offer figures for a good series of defectives, which is, perhaps, a useful contribution to the subject, but I hope shortly to examine a series of normal schoolchildren to compare them with my 600 defectives, and that should give help in settling this question.
May we take it that the consensus of opinion is probably right, and that there are more physical anomalies in mental defectives than in the mentally normal? But mav we also make the reservation that the difference between the two is probably less marked than we have been given to believe ?
If now we try to discover what reason may underlie this probable relationship between physical anomaly and mental deficiency, it is necessary to review the causes that have been suggested in explanation of the one and to see if there is any link with the supposed causes of the other.
Mall [11] had the opportunity of making a careful study of large numbers of embryos and be gives his conclusions, based on 1,000 pathological specimens. He decides against hereditary and germinal causes for the pathological conditions and favours environmental causes. He lays stress on faulty implantation of the ovum or on faulty nutrition through the chorion, and teaches that the result may be localized, as in the anomalies that have been described, or generalized to form monsters, and that this depends on the degree of localization or on the time of action of the nutritional defect. He would further explain the local developmental error by suggesting that there is a normal harmony or correlation of growth between all the parts, and that the nutritional defect, though a general influence, may cause a dissociation or disharmony in such correlation.
Ballantyne [10] explains some anomalies as due to amniotic adhesions, and
Keith accepts this as the cause of certain superficial conditions, such as fistulae about the face. In dealing with congenital malformations in this region he particularly blames morbid conditions of uterus or placenta, but also points out the strong familial and hereditary quality of some of these anomalies and their tendency to be grouped togetber.
J. Percy Good [12], on the other hand, denies the responsibility both of unhealthy chorion and of amniotic adhesions. Neither condition was present in his examintation of a spina bifida in the neck region of a ferret embryo. He suggests that some mechanical condition may result in irritation and inflammation, and believes that spina bifida may be caused by an extreme degree of spinal flexion, which causes disturbance of the growing parts and results in failure of completion of the structures of the neural arch. He does however agree with Mall's dissociation theory.
In connection with spina bifida it should be noted that this is one of the commonest results of efforts at the production of experimental anomalies, by whatever method is employed. Baldwin describes his method of treating frogs' eggs with ultra-violet light and claims that by his technique he can produce spina bifida in 90% of his attempts [131.
Turning now to the opposite extremities of the body, it is interesting to coDsider the arguments of Lewis and Embleton in their exhaustive study of the G. family [14] . Here in seven generations " split " or " lobster claw " hands or feet occurred in 44 out of 180 members. They give good reason for rejecting maternal impressions and acquired or extra-uterine lesions as satisfactory explanations of this deformity. They also reject atavism, and developmental arrest, and believe that the first of the G. cases was due to the appearance, as a sport, of some quality which acted as a disturber of an inheritable factor which controls development of the extremities. It was not truly Mendelian in action.
Their objections to atavism are of interest. They rely on Bland-Sitton's dictum that atavistic structures do not belong to forms palhontologically remote or systematically far distant. Atavism therefore is a poor explanation of polydactyly, there being no ancestor of man with more than five fingers, nearer than ichthyosaurus. As some of the cases had polydactyly it would be unreasonable to invoke two explanations for the whole individual when one would be more likely to meet all the conditions. On the other hand Keith appears to accept a mechanism very like atavism. He gives the impression throughout his writing that he is satisfied with this explanation of a physical anomaly so long as he can be sure that somewhere in the phylogenetic history there is a similar condition, and this argument seems to cover the idea of arrest of development. Another principle much favoured by Bland-Sutton, not denied by Keith, but not adopted by Lewis and Embleton, is that of dichotomy, which seems to be a satisfactory explanation of many conditions, from polydactyly to identical twins! lf now we try to review these possible explanations of physical anomalies in order to correlate them with the causation of mental deficiency, it is hard to obtain any clear guidance. There is little agreement on the reality of operation of the various suggested causes, and it is not certain how many of the anomalies are worthy of classification as degenerative or as stigmata in the modern significance of the word. Some may be indications of advance rather than retreat in the march of evolution. No member of the G. family, for instance, showed any trace of mental deficiency [15] , and it is well recognized that these anomalies can occur in people of the best biological quality. It may be noted that a number of explanations are environmental, whether by nutritional defect, faulty implantation, amniotic adhesions or mechanical difficulties. It might be tbought that these would link up with those of the secondary types of mental deficiency whicb are due to intra-uterine conditions, but the parallel is not very certain. These causes seem to be invoked particularly to explain cleft-palate and hare-lip and spina bifida which, as has been shown, are not closely related with deficiency.
Arrest of development seems to be an adequate explanation of syndactNly, which is normal at the seventh week, and not incompatible with the probable cause of other anomalies of fingers and toes. It is also not incompatible with the strongly familial factor that is found in these conditions, for it is probable that it is an inheritable factor of some sort which determines these disorders of growth. It is noticeable that most of the anomalies that have been described have been produced by the eighth week of intra-uterine life, and taking this in association with the familial quality, it is not unreasonable to believe that the anomaly is ordained by some germinal quality, present before conception. This is exactly parallel with the present idea of the causative factor in 80% of mental defectives.
Reference to the tables will show that the physical anomalies most frequently associated with mental deficiency are those of hands and feet and asymmetries and growth disorders of face, head and ears. Thus it appears that, in so far as there is a relationship between mental deficiency and physical anomalies, it is in the heritable or general sphere rather than in the environmental, and this is some slight confirmation of the prinmary or germinal theory of most mental deficiency.
There is still unsolved the question of the apparently small degree of correlation, and for the moment we are left with the suggestion already made, that a mental defective may be an example of a generalized state of impaired development in whom the only essential localized feature is inadequate cerebral structure. A somewhat similar, but not necessarily identical, mechanism may produce anomalies of a more localized nature in other parts, and these may occur in any individual, but
